near-field and far-field signal models so that DOA of near-field or far-field can be obtained from this electric angle using the conventional high-resolution MUSIC algorithm. In the second stage, another particular cumulant matrix is derived, in which the virtual "steering matrix" has full column rank no matter whether the received signals are multiple near-field sources or multiple far-field ones or their mixture. More importantly, the virtual "steering vector" can be separated into two parts, in which the first one is the function of the common electric angle in both signal models, whereas the second part is the function of the electric angle that exists only in the near-field signal model. Furthermore, by substituting the common electric angle, which is estimated in the first stage into one special Hermitian matrix formed from another MUSIC spectral function, the range of near-field sources can be obtained from the eigenvector of the Hermitian matrix. Although it is developed for azimuth angle (and range) estimation only, it can be developed further for the joint azimuth and elevation angles (as well as range) estimation.
In Section 1.4, a novel high-accuracy estimator for elevation angle is developed to avoid the estimation failure problem encountered in the conventional elevation estimators. Firstly, three cumulant matrices are constructed using fourth-order cumulants of some properly chosen array outputs of a specially designed volume array to increase the array aperture. Secondly, a parallel factor (PARAFAC) model of cumulant matrices in the cumulant domain is formed to avoid pairing parameters. Finally, a flexible and high-resolution elevation angle estimator is derived from multiple electric angles, which are solved from the above steps.
2D DOA estimation without match procedure
Estimation of 2-D DOA is a key issue in sensor array signal processing such as radar, sonar, radio astronomy, and mobile communication systems [1] [2] [3] [4] . Similar to other array geometries such as the parallel uniform linear array, the rectangular array and the circular array, there is an un-avoidable parameter association problem in the L-shaped array configuration because the failure in pairing would cause severe performance degradation. This section will give a novel 2-D DOA estimation algorithm, which does not require match procedure.
Description of the proposed algorithm
Let's consider an L-shaped sensor array with 2 1 M + omni-directional sensors, as shown in Fig. 1 . The element placed at the origin is set for the referencing point. The array in the xz − plane consists of two uniform linear sub-arrays with element spacing d , each being composed of M elements. Assume that L far-field, no-coherent, narrowband sources impinging on this antenna array. Let l α and l β be the elevation and azimuth angles of the l -th source, and thus the wave vector l κ containing DOA information can be defined as [ ] sin cos ,sin sin , cos
After being sampled, the signals received by the sensor array can be expressed as
where ,0 1,0 1,0 0,0 0, 0 www.intechopen.com
Simulation results
To verify the effectiveness of the proposed algorithm, let's consider an L-shaped array with 13 elements as shown in Fig α (in unit of degree) stands for the estimation of the l -th elevation l α in the ith trial. For comparison, the propagator method [6, 9] and the ESPRIT method [8, 11] with correct pairing are simultaneously executed.
In the first experiment, the effect of signal-to-noise (SNR) on the performance of the proposed algorithm is investigated. The number of snapshots is set to 400 and the SNR varies from 0 to 30 dB. The averaged performances (RMSE of elevation and azimuth angle estimations versus SNR for two sources) over 500 Monte Carlo runs are shown in Figs. 2 and 3. As expected, when the SNR increases, the RMSE of the estimated parameters decrease. In addition, it is observed that the proposed algorithm improves the performance slightly compared to the conventional ESPRIT algorithm, which must have a precise association procedure.
In the second experiment, the influence of snapshot number on the performance of the proposed algorithm is explored. The same parameters as that of the second experiment are used, except that the SNR is fixed at 10 dB and the number of snapshots varies from 200 to 2000. The averaged performances (RMSE of elevation and azimuth angle estimations versus snapshot number for two sources) over 500 Monte Carlo runs are shown in Figs. 4 and 5. From these figures, it can be seen that RMSE of the elevation and azimuth estimations decrease as snapshot number increases. In addition, the proposed algorithm has higher estimation accuracy than the ESPRIT method. 
Passive localization of mixed near-field and far-field sources
In some practical applications, the signals received by an array are often the mixture of nearfield and far-field sources, such as speaker localization using microphone arrays and guidance (homing) systems [12] [13] [14] [15] [16] [17] [18] [19] . For example, in the application of speaker localization using microphone arrays, each speaker may be in the near-field or far-field of the array [16] . In this case, either existing near-field source localization methods or far-field source those may fail in localizing mixed near-field and far-field sources. This section will give a new passive source localization algorithm, which can localize near-field sources or far-field sources or their mixture.
Description of the proposed algorithm
Consider that L (near-field 1 or far-field) narrowband, independent radiating sources, impinge on the uniform linear array (ULA) with 2 1 N + elements as shown in Fig.6 . Let the 0 th sensor be the phase reference point. After sampled with a proper rate that satisfies the Nyquist rate, the signal received by the i th sensor can be expressed as [5] [6] [7] [8] [9] [10] [11] 
• In a matrix form, Eq.
(1) can be written as
where
ll LL
Note that the form of steering vector (,) ll γφ a depends on whether the l th source is far-field one or near-field one. If this source is near-field one, 22 2
Otherwise, if this source lies in the far field,
Let's begin with the fourth-order cumulant of the sensor outputs, which can be expressed as { } is the kurtosis of the l th signal, and the superscript * denotes the complex conjugate.
To construct a matrix with full rank for arbitrary-field sources , let nm =− and 0 q = . Thus, Eq. (11) 
In fact, if the l th source is far-field one, the estimate ˆl φ would approach to zero. Thus, whether the l th source is near-field or far-field one can be determined. Since both B and A are of full column rank no matter whether the received signals be pure far-field sources or pure near-field sources or mixed far-field and near-field sources, the proposed algorithm can deal with arbitrary-field sources well.
Some simulations are conducted in this section to assess the ability of the proposed algorithm to localize near-field, far-field, as well as mixed near-field and far-field sources. From these simulations, it can be seen that no matter whether the received signals are nearfield sources, far-field sources or their mixture, the proposed algorithm can perform better in localizing these sources.
New estimator for elevation angle

Proposed estimator
When elevation angles are between 70 and 90 degrees, the estimator can be combined to form a new elevation angle estimator, which can efficiently avoid estimation failure and is of high estimation accuracy. 
Simulation results
To access the effectiveness of the proposed elevation estimator, we consider a two L-shape arrays with 16 elements as shown in Fig. 16 All results provided are based on 500 independent runs. For each (,) α β , we conduct 500 trials, and count the estimation failure times as well as the averaged performance only from successful trials (RMSE of elevation angle estimations versus different azimuth-elevation pair for this single source). Fig. 17 and 18 give the averaged performance counted from successful trials and the corresponding Failure Rates (FR, the failure times divided by 500) of the estimator • 
Conclusion
In this chapter, several novel high-resolution methods are introduced to overcome the difficulties encountered in the passive source localization of sensor array, i.e. pairing failure, mixed near-field and far-field source localization, and estimation failure problems. Although they have been developed for the uniform linear array and L-shaped array, these algorithms can be easily extended to other sensor array configurations.
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